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Description 

Field of the invention 

TInis invention relates in general to the coupling or 
transfer of light power between a light source and an 
optical guide, and more particularly to arrangements for 
improving the energy transfer efficiency between a light 
source and an optical fiber through an intermediate op- 
tical fiber length or pigtail, when a coaxial feeding to the 
final optical fiber is either undesired or impossible. 

In a particular and preferred embodiment that will 
be illustrated in detail, the system acts as a part of an 
optical amplifier. In this case the light source includes a 
multi-mode semiconductor laser diode - or an array of 
such diodes - emitting around a certain wavelength and 
acting as a pump source, and the final optical guide in- 
cludes a single-mode core carrying a travelling signal 
(single-mode radiation of a wavelength different from 
the pumping one) to be amplified. 

In the above mentioned preferred embodiment the 
invention aims in particular to realize a highly efficient 
coupling between a multi-mode optical fiber pigtail and 
a so called single-mode double-cladding (SM-DC) opti- 
cal fiber, although the invention is not to be considered 
restricted to such a preferred application. As Single- 
Mode Double-Cladding (SM-DC) optical fiber it is meant 
a fiber that includes an inner (Single-Mode) core with a 
diameter of few microns, a first cladding (or multi-mode 
core), and a second cladding. 

Actually there are a number of situations in which a 
fiber needs to receive light from one or more sources in 
a non-coaxial way, i.e. not along the longitudinal axis of 
the fed fiber. As an example, whenever it is requested 
to carry two or more different radiations along a single 
guide (with the radiations being different in amplitude, 
wavelength, signal pattern or code, and so on) an in- 
crease of the number of different sources is involved, 
which can be also of different kinds, and some kind of 
separation of the optical paths entering the final guide 
is required. Furthermore a non coaxial coupling ar- 
rangement could be required in a fiber laser device in 
which the axial pumping would require a special mirror 
(with selected reflectivity) which should be transparent 
to the pump radiation, and with a high reflectivity at the 
lasing wavelength. 

Another situation in which a non-coaxial feeding is 
requested is disclosed for example in US-A-5 170 458 
concerning an optical amplifier obliquely receiving the 
pumping light. 

There are known several arrangements for coupling 
a (additional) light source to an optical fiber that include 
one or more of the following coupling devices: 

a prism 

the insertion of an optical guide of whatever kind 

(integrated or with discrete elements) 

an intermediate optical fiber joined to the final fiber 



by means of a micro-optic coupler (i.e. a coupler 
adopting microlenses, or beam splitters, or other 
discrete microscopic devices) 
an intermediate optical fiber joined to the final fiber 
5 by means of a fused-fiber coupler. 

The above first three examples raise considerable 
alignment problems in terms of mechanical tolerances, 
that make their realization very expensive and critical 
fo from a technological point of view, in general producing 
a poor coupling efficiency. 

Usually, in telecommunication systems incorporat- 
ing optical fiber amplifiers (OFAs), i.e. lengths of prop- 
erly doped single-mode optical fiber serially connected 
^5 in the communication route, these lengths of fiber are 
fed with light from one or more single-mode laser diodes 
through suitable fused-fiber couplers, each of them be- 
ing in turn coupled with one or more laser diodes. Such 
(single-mode) couplers, formed by merging or fusing 
20 two or more pieces of fiber, can show a coupling effi- 
ciency as high as 90%. In coupling the laser chip to the 
pigtail an efficiency of less than 50% is normally 
achieved. Due to the limited power obtainable from sin- 
gle mode diodes, high optical power is needed, the sys- 
25 tem has to include a large number of diodes, decreasing 
the reliability of the system as a whole. 

In order to improve the saturated output power of 
the optical amplifier, without increasing the number of 
pump diodes involved, it has been suggested (see for 
30 example US-A- 4 829 529 to Kafka) to use a SM-DC 
optical fiber, activated by one or more diode arrays cou- 
pled by means of bulk optics to the fiber end face. 

The present invention concerns an arrangement 
which allows the use of multi-mode laser diode(s) or an 
55 array thereof coupled to the final fiber through an inter- 
mediate optical fiber and a fused-fiber coupler. This is 
advantageous since multi-mode laser diodes are capa- 
ble of reaching higher output power levels than single- 
mode diodes, and maintain good performance and reli- 
40 ability. 

As it is known a multi-mode laser chip emits light 
through a narrow slit having a thickness in the order of 
1 micron and a width that can be of several tens of mi- 
crons, with the light beam highly diverging in the trans- 
45 verse plane and moderately diverging in a plane parallel 
to the slit width. 

As an example, for laser diodes with 50 |am stripe 
width, in order to collect as much light as possible, a 
pigtail i.e. a multimode fiber is usually adopted with a 
50 diameter of about 60 microns and a Numerical Aperture 
of about .35, the numerical aperture (NA) of an optical 
fiber being the sine of the vertex angle of the largest 
cone of meridional rays that can enter (or leave) an op- 
tical fiber. 

55 This simple, direct coupling scheme allows for a 
coupling efficiency of at most 50%. 
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Background art 

EP-A-0 136 871 discloses a pair of small diameter 
optical fibers (1 2, 1 4) arranged in a side-by-side config- 
uration, the first fiber (12) providing a passive guide for 
pump light, and the second fiber (1 4) formed of a mate- 
rial, such as Nd:YAG which has amplifying properties at 
the signal frequency. The signal to be amplified propa- 
gates through the second fiber (14) resulting in amplifi- 
cation of the signal. The first fiber (12) is pumped from 
one or both ends, utilizing a cone shaped rod (50) which 
is optically coupled thereto. A plurality of pump light 
sources (60) are mounted on the end face (58) of the 
rod (50) to introduce collimated pump light into the large 
end (52) of the cone shaped rod (50). 

It is known to improve the coupling efficiency by lo- 
cating a cylindrical lens between the laser chip and one 
end of the pigtail, with the cylindrical lens focusing the 
transverse component of the laser beam into the fiber 
core. In this respect reference can be made to EP-A-0 
565 843 and also to "Hybrid laser-to-fiber coupler with 
a cylindrical lens" by Maeda M. et al., Applied Optics, 
Vol. 16, No. 7, July 1977, pp 1966-1970. 

Such cylindrical lens does not modify the diver- 
gence of the beam in the plane of the slit axis, so that 
at a proper distance the beam from the laser chip is sub- 
stantially reduced to having a circular cross section and 
can easily be coupled to the core of the optical fiber. 

The pigtail is further fused to the final fiber, i.e. in 
general the fiber to be fed or in particular the fiber car- 
rying the signal to be amplified, either at the other end 
of the feeding pigtail (Y coupler) or along a portion of 
the feeding pigtail length (X coupler). The coupling ratio 
of such coupler is proportional to the ratio of the squared 
diameter of the receiving fiber core to the squared di- 
ameter of the receiving fiber core plus the squared di- 
ameter of the feeding fiber core. 

By using the SM-DC fiber technique an efficient 
feeding of a single-mode fiber core through a multi- 
mode fiber pigtail can be achieved. When the multi- 
mode core of the SM-DC fiber has the same diameter 
of the feeding fiber (i.e. 60 jam), the coupling ratio is 
about 0.5. To further increase the coupling ratio to the 
SM-DC fiber it is necessary to reduce the feeding fiber 
core diameter. With a diameter of less than 20 microns 
the coupling ratio could theoretically reach values great- 
er than 0.9. 

However, with a reduced core diameter of the multi- 
mode feeding fiber to improve the efficiency of the light 
transfer at the coupler, the efficiency of the light transfer 
from the laser to the feeding fiber would become very 
poor even using a cylindrical lens. 

Obiect of the invention 

It is therefore an object of this invention to provide 
an improved and highly efficient arrangement for trans- 
ferring multi-mode light source power to an optical fiber 



along a non-coaxial direction, which is substantially free 
from the above mentioned drawbacks. 

Disclosure of the invention 

5 

The above object is achieved through the invention 
which consists of a coupling arrangement for non-axial 
transfer of light power between a multi-mode light 
source, having a substantially circular emission with a 

fo divergence angle as, and a multi-mode optical fiber with 
a cross section Ac, through a length of an intermediate 
feeding multi-mode optical fiber having an end with 
cross section area Af coupled with said light source and 
one portion fused to said optical fiber, 

^5 characterized in that said feeding fiber has a ta- 

pered portion, that is a portion with progressively reduc- 
ing diameter, and is fused to said multi-mode optical fib- 
er FF at a region of the tapered portion, and in that the 
relationship between the acceptance angle af of the 

20 feeding fiber and the emission angle as of the light 
source is expressed by: 

af = kXas 

25 

where k is a positive constant greater than 1 . 

According to the invention, a cilindrical lens is used 
to couple radiation from a multimode laser chip (or an 
array thereof) to a length of multimode feeding fiber, in 

30 such a way that the divergence angle of the radiation 
beam propagating along the fiber is smaller than the ac- 
ceptance angle of the fiber itself. The feeding fiber (ei- 
ther at the far end or along its length) is tapered, i.e. 
heated and pulled, in order to reduce its diameter and 

55 then a coupler is formed for example by twisting and fus- 
ing such tapered portion of fiber on the fiber to be fed, 
and in particular - according to a preferred industrial ap- 
plicability of the invention - on the signal carrying fiber. 
The above operation sequence is not compulsory. 

40 For example the coupler can be formed first and then 
connected to a multimode source or alternatively spliced 
to an already pigtailed multimode source. Other combi- 
nations are possible as well. 

The operation of the invention can be understood 

45 substantially as follows. 

It is well known to those skilled in the art that the 
quantity of radiation emitted by the unit surface of a 
source into the unit solid angle (the so called "radiance") 
cannot be increased by passive optics, therefore a re- 

so duction in size of the fiber core produces an increase in 
the divergence angle of the beam propagating along the 
fiber itself. As far as such angle remains smaller than 
the N.A. of the fiber, no loss is encountered and it is 
therefore possible to produce efficient coupling between 

55 such tapered fiber and an untapered one. 

The coupling arrangement of EP-A-0 136 871 dif- 
fers from that of the present invention in that the feeding 
fiber 12 of such patent is not fused to the optical fiber 
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14 but rather extends parallel thereto within a coupling 
jacket 22. Further, although the feeding fiber 12 has a 
progressively tapered (cone shaped) portion at its first 
end for collimating the light from the pump source(s), it 
is not this tapered portion which is adjacent to and used 
for coupling to the fiber 14. 

A more detailed explanation can be found in the de- 
scription of the annexed figures. 

Additional and peculiar advantages are disclosed in 
the appended claims. 

Brief description of the drawings 

Preferred but non limiting embodiments of the in- 
vention will now be described in details with reference 
to the attached drawings, in which: 

Fig. 1 schematically shows a general arrangement 
for coupling a light source to an optical fiber through 
an intermediate optical fiber length; 
Fig. 2 is a schematic front view of a multimode laser 
chip illustrating the outcoming laser beam shape; 
Fig. 3 schematically shows a multimode light source 
including a semiconductor laser diode and a cylin- 
drical lens, coupled to a multi-mode fiber pigtail; 
Fig. 4 shows an embodiment of the invention 
wherein the intermediate optical fiber has been ta- 
pered in the coupling region and forms an Y coupler; 
Fig. 5 shows with greater details the twisting of the 
tapered feeding fiber core around the fed fiber core; 
Fig. 6 is an explaining view showing the intermedi- 
ate multi-mode optical fiber, and the optical path in- 
side it, for illustrating the general principle of the in- 
vention; 

Fig. 7 schematically shows the coupling region and 
light paths for the feeding of a SM-DC optical fiber 
carrying a single-mode radiation as a signal with a 
multi-mode beam carried in a multi-mode core; 
Fig. 8 shows a cross section profile of the end of the 
coupling region; 

Fig. 9 shows a cross section of the end of the cou- 
pling region in case the cladding of the two fibers is 
mantained; 

Fig. 1 0 shows a cross section of the end of the cou- 
pling region for a substantially elliptical fed fiber; 
Fig. 1 1 shows a cross section of the end of the cou- 
pling region for a substantially rectangular fed fiber. 

Detailed description of a preferred embodiment 

In the drawings the same references are used to 
indicate the same or similar components throughout all 
the Figures. With reference to Fig. 1 , the illustrated cou- 
pling arrangement comprises a multi-mode light source 
LS having a substantially circular emission with an angle 
of divergence as coupled to one end of an intermediate 
length of optical fiber IF, having an angle of acceptance 
af. A portion of the intermediate fiber IF is spliced or 



fused in the coupling region CR to an optical fiber FF 
carrying an information signal or the like, forming a so 
called X coupler. A portion of the intermediate fiber IF 
can be coiled as shown at CF, if necessary Of course 
5 the fiber IF could be spliced at its other end, forming a 
so called Y coupler. 

As it is known the acceptance angle af of an optical 
fiber is a function of the refractive indexes of the core 
and cladding thereof. According to the invention, the ac- 
fo ceptance angle af of the intermediate fiber I F at its cou- 
pling end with the light source LS is greater than the 
emission angle ots of the multi-mode light source itself. 
Thus a good coupling efficiency can be obtained. 

Fig. 2 shows a front view of a multi-mode laser diode 
^5 LD, not in scale, with a thickness of about 1 micron and 
a width in the order of 50 microns. 

As illustrated in the Figure, the emission beam of 
the laser diode is substantially elliptical, with an angle 
of divergence of about 35-40 degrees in the plane per- 
20 pendicular to the laser junction (i.e. a plane along the 
thickness of 1 micron), and an angle of divergence of 
about 10-15 degrees in the plane of the laser junction 
(plane along the width of 50 microns). 

Three subsequent traces B1, 82 and 83, progres- 
25 sively spaced away from the source of the beam (the 
diode front surface) are shown for illustrative purposes 
only. It is apparent that, being the greater diverging an- 
gle in correspondence with the shorter side of a rectan- 
gle, at a certain distance from the diode surface there 
30 will be a cross section of the laser beam (here 82) sub- 
stantially circular, beyond which the relative dimensions 
of the ellipse appear exchanged (that is the major axis 
of the elliptical beam is rotated by 90 degrees). 

Figs. 3 to 7 illustrate a preferred arrangement of the 
55 invention that is particularly useful in coupling a pump 
multi-mode light source with one end of a feeding optical 
fiber which in turn is coupled to an SM-DC fiber length 
as a peculiar component of an optical amplifier. 

With reference to Fig. 3, a semiconductor laser di- 
40 ode LD emitting a multi-mode radiation or light beam L8 
is coupled through a cylindrical lens CL with one end of 
an intermediate multi-mode optical fiber IF. 

The cylindrical lens CL is located in the elliptical light 
beam L8 between the laser diode LD and the feeding 
45 fiber IF so as to progressively reduce the divergence of 
the transverse component of the laser beam until it be- 
comes equal to or possibly even smaller than the diver- 
gence of the parallel component, thus forming a sub- 
stantially circular beam that is coupled into the feeding 
50 fiber. The means through which the components can be 
positioned in respect of each other are conventional in 
the art and therefore have not been illustrated. 

In accordance with the invention the emission angle 
as of the beam outcoming from the cylindrical lens CL 
55 is lower than the acceptance angle af of the feeding fiber 
to which it is coupled. In terms of Numerical Aperture of 
the feeding fiber itself it means that the NA of the fiber 
has to be greater than 0.3 in order to accept a beam of 
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35 degrees. 

The other end of the feeding fiber IF (or in case a 
remote portion of the feeding fiber) is fused together with 
the optical fiber FF as shown in Fig. 4. The splicing area 
designated with CR forms a so called Y coupler, since 
the splicing with the fiber FF takes place at the end of 
the feeding fiber IF. 

It is further to point out that the optical fiber FF could 
also be the active fiber of a fiber laser. 

Still in accordance with the invention, the cross sec- 
tional area of the feeding fiber IF in the coupling region 
CR is progressively reduced (so-called adiabatic core 
diameter reduction) until it reaches a value between 0.8 
and 0.1 with respect to the starting value i.e. the diam- 
eter where the light beam LB enters the fiber. In other 
words the squared ratio of the diameters is comprised 
between 1 .5 and 100. 

Preferably the ratio between the minimum cross 
section area of the tapered feeding fiber IF and the initial 
cross section area thereof is from 0.01 to 0.7 and a more 
preferred value is about 0. 1 . 

Preferably the ratio between the cross section area 
of the feeding fiber IF and the cross section area of the 
fed fiber FF in the coupling region CR is from 0.01 to 
0.99. It is preferred that the tapered portion of the feed- 
ing fiber is as shortest as possible, compatibly with the 
fiber resistance (capability) of withstanding a strong re- 
duction of its cross section. 

This is accomplished by drawing the feeding IF or 
at least a section thereof at a given temperature, then 
twisting the narrowing portion around the signal fiber FF 
and in contact therewith (see Fig. 5), and then slightly 
pulling the fibers raising the temperature until they 
merge together. This way one obtains a better contact. 
Preferably the progressively tapered portion of the multi- 
mode feeding optical fiber IF fused to said multi-mode 
optical fiber FF is helically wound around this latter. 

When an X coupler is used, at least a portion of the 
feeding fiber has a progressively decreasing diameter, 
falling within the above mentioned ranges, and in this 
portion is joined to the fed fiber FF. 

With reference to Fig. 6 will be illustrated the prin- 
ciple upon which the invention is based. 

As previously mentioned, the emission angle as of 
the multi-mode source LS is a portion of the angle of 
acceptance af of the intermediate multi-mode fiber IF, 
and af is linked tothe-Numerical Aperture NA of the fiber 
by the relationship: 

NA = sin af 

Due to the fiber tapering the propagation angle of the 
pump laser radiation carried by the feeding fiber is grad- 
ually increased along the tapered region. 

Assuming that the fusion between the feeding fiber 
IF and the fed fiber FF occurs along the entire tapered 
region of the feeding fiber IF and that the tapering ends 



with a negligibly small diameter, the relationship be- 
tween the final divergence angle ac and the initial one 
as is: 

^ 1/2 

ac @ as X ((Ac + Af)/Ac) 

where Ac and Af are the cross sectional areas of the fed 
fiber FF and the untapered feeding fiber IF respectively. 
fo Provided that, for given values of Ac and Af , as is chosen 
in such a way that ac does not exceed the acceptance 
angle of the fibers (let assume for sake of ease that the 
N. A. of both fibers are equal), a reduction of the feeding 
fiber core diameter is obtained without losses of light 
15 from the fiber itself due to the light angle of propagation 
increase. 

In case the fusion between the the two fibers does 
not begin where the tapering of the feeding fiber starts, 
but rather at a different position within the tapered sec- 
20 tion, with a cross sectional area At of the feeding fiber, 
the above expression becomes: 

a'c @ as X (Af/At)^^^ X ((At + Ac)/Ac)^^^ 

25 

corresponding to a larger increase in the divergence an- 
gle. The preferred arrangement is therefore the one de- 
scribed above. 

Fig. 7 shows with more detail the coupling region 

30 CR when a SM-DC fiber is adopted, including an inner 
concentrical single-mode core along which an optical 
signal carrying information propagates. Moreover the 
Figure schematically illustrates the light path of the 
pumping radiation when this latter is transferred from the 

55 multi-mode feeding fiber IF to the multi-mode core of the 
SM-DC fiber FF. In order to maintain an efficient cou- 
pling the Numerical Aperture of the multi-mode core of 
the fed fiber FF has to be equal or greater than the Nu- 
merical Aperture of the feeding fiber IF. 

40 it is worth to point out that, as described above, the 
most efficient coupling is achieved if the contact be- 
tween said multimode optical fiber FF and said feeding 
fiber IF is substantially accomplished along the entire 
tapered region of the IF fiber. 

45 Fig. 8 illustrates a cross section of the coupling re- 
gion CR (before the merging of the two fibers) where 
both the optical fibers have a substantially circular 
cross-section and are without cladding at the junction. 
For the SM-DC fiber the second (outer) cladding is con- 

50 sidered to be removed. 

Although the optimum coupling is obtained when 
both fibers are not provided with cladding layers, the in- 
vention applies also to fibers with unremovable clad- 
ding. In this case the coupling ratio will be reduced by 

55 an additional constant factor, which depends on the 
thickness of the cladding. 

Fig. 9 shows a cross section of the coupling region 
CR with two circular fibers still retaining the outer clad- 
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Af is the cross section area of tine feeding fiber 
(IF) coupled with said light source (LS), and 
Ac is the cross section area of the multi-mode 
fiber (FF). 

5 

3. A coupling arrangement as claimed in either of 
claims 1 or 2, characterized in that the region of fu- 
sion between said feeding fiber (IF) and said multi- 
mode optical fiber (FF) coincides substantially with 

fo the whole tapered region of said feeding fiber (IF). 

4. A coupling arrangement as claimed in any of the 
preceeding claims, characterized in that said light 
source (LS) has a substantially elliptical emission 

^5 and includes a device for converting such elliptical 
emission into a substantially circular emission with 
said divergence angle (as). 

5. A coupling arrangement as claimed in any of the 
20 preceeding claims, characterized in that said light 

source (LS) comprises a multi-mode semiconductor 
laser diode (LD) having a substantially rectangular 
radiating aperture, and a cylindrical lens (CL) locat- 
ed in the light beam (LB) of said laser diode (LD), 
25 between said laser diode (LD) and the feeding fiber 
(IF). 

6. A coupling arrangement as claimed in any of the 
preceding claims, characterized in that said multi- 

30 mode optical fiber (FF) further contains an addition- 
al concentric single-mode core. 

7. A coupling arrangement as claimed in any of the 
preceding claims, characterized in that said multi- 

55 mode optical fiber (FF) further contains an addition- 
al concentric single-mode doped core. 

8. A coupling arrangement as claimed in claim 7, char- 
acterized in that said single-mode core is heavily 

40 doped with ions selected from the group of rare 
earth and transitional metal ions, or a combination 
thereof. 

9. A coupling arrangement as claimed in claim 7, char- 
45 acterized in that said single-mode core is doped 

with both Ytterbium and Erbium ions. 



dings. 

Fig. 1 0 illustrates a multi-mode optical fed fiber that 
have substantially elliptical cross section, and finally 
Fig. 11 shows a multi-mode optical fed fiber having sub- 
stantially rectangular cross section. Of couse one or 
both the feeding fiber IF and the optical fiber FF can 
have one of the above illustrated cross sections. 

With reference to figs. 8, 9, 10, and 11, it is evident 
that the ratio of the core area Ac at the coupling end with 
the source LS to the core area Af at the fused end, is 
larger than the ratio af/as of the acceptance angle af of 
the feeding fiber IF to the initial emission angle as of the 
light source LS. 

When using a single-mode core fiber, the core is 
preferably doped with a relatively large amount of ions 
of rare earth or ions of transitional metal, or in case with 
a combination thereof. 

For example said single-mode core can be doped 
with both Ytterbium and Erbium ions, or Neodimium 
ions, or Ytterbium ions alone or Chromium ions. 

Although preferred embodiments of the invention 
have been disclosed, several modifications and chang- 
es can be made to the same within the scope of the in- 
vention as defined by the claims. 



Claims 

1. A coupling arrangement for non-axial transfer of 
light power between a multi-mode light source (LS), 
having a substantially circular emission with a diver- 
gence angle as, and a multi-mode optical fiber (FF) 
with a cross section Ac, through a length of an in- 
termediate feeding multi-mode optical fiber (IF) 
having an end with cross section area Af coupled 
with said light source (LS) and one portion fused to 
said multi-mode optical fiber (FF), 

characterized in that said feeding fiber (IF) 
has a progressively tapered portion and is fused to 
said multi-mode optical fiber (FF) at a region of the 
progressively tapered portion, and in that the rela- 
tionship between the acceptance angle af of the 
feeding fiber (IF) and the emission angle as of the 
light source (LS) is expressed by: 

af = k X as 

where k is a positive constant greater than 1 . 

2. A coupling arrangement as claimed in claim 1 , char- 
acterized in that said constant k is greater than 

((Af + Ac)/ Ac) 

where: 



1 0. A coupling arrangement as claimed in claim 7, char- 
acterized in that said single-mode core is doped by 

50 Neodimium ions. 

11. Acoupling arrangement as claimed in claim 7, char- 
acterized in that said single-mode core is doped by 
Ytterbium ions. 

55 

12. Acoupling arrangement as claimed in claim 7, char- 
acterized in that said single-mode core is doped by 
Chromium ions. 
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13. A coupling arrangement as claimed in any of the 
preceding claims, characterized in that said optical 
fiber (FF) is the active fiber of an optical amplifier. 

14. A coupling arrangement as claimed in any of the 
preceding claims, characterized in that said optical 
fiber (FF) is the active fiber of a fiber laser. 

15. A coupling arrangement as claimed in any of the 
preceding claims, characterized in that said feeding 
optical fiber (IF) is coupled to said multi-mode opti- 
cal fiber (FF) as an X-coupler configuration. 

16. A coupling arrangement as claimed in any of the 
preceding claims, characterized in that said feeding 
optical fiber (IF) is coupled to said multi-mode opti- 
cal fiber (FF) as an Y-coupler configuration. 

17. A coupling arrangement as claimed in any of the 
preceding claims, characterized in that both said 
optical fiber (FF) and intermediate optical fiber (IF) 
are not provided with cladding layers at the fused 
area (CR). 

18. A coupling arrangement as claimed in any of the 
preceding claims, characterized in that at least one 
of said optical fiber (FF) and intermediate optical fib- 
er (IF) is provided with a cladding layer at the fused 
area (CR). 

19. A coupling arrangement as claimed in claim 1 , char- 
acterized in that at least one of said optical fiber (FF) 
and intermediate optical fiber (IF) has a cross sec- 
tion that is substantially circular. 

20. A coupling arrangement as claimed in claim 1 , char- 
acterized in that at least one of said optical fiber (FF) 
and intermediate optical fiber (IF) has a cross sec- 
tion that is substantially elliptical. 

21 . A coupling arrangement as claimed in claim 1 , char- 
acterized in that at least one of said optical fiber (FF) 
and intermediate optical fiber (IF) has a cross sec- 
tion that is substantially rectangular. 

22. A coupling arrangement as claimed in any of the 
preceding claims, characterized in that the ratio be- 
tween the minimum cross section area of the ta- 
pered feeding fiber IF and the initial cross section 
area thereof is from 0.01 to 0.7. 

23. A coupling arrangement as claimed in claim 22, 
characterized in that the ratio between the minimum 
cross section area of the tapered feeding fiber IF 
and the initial cross section area thereof is about 
0.1. 

24. A coupling arrangement as claimed in any of the 



preceding claims, characterized in that the ratio be- 
tween the cross section area of the feeding fiber IF 
and the cross section area of the fed fiber FF in the 
coupling region CR is from 0.01 to 0.99. 

5 

25. A coupling arrangement as claimed in claim 24, 
characterized in that the ratio between the minimum 
cross section area of the tapered feeding fiber IF 
and the cross section area of the fed fiber FF in the 

fo coupling region CR is about 0.1 . 

26. A coupling arrangement as claimed in any of the 
preceding claims, characterized in that said pro- 
gressively tapered portion of said multi-mode feed- 

^5 ing optical fiber IF fused to said multi-mode optical 
fiber FF is helically wound around this latter. 



Patentanspruche 

20 

1. Kopplunganordnung zur nichtaxialen Ubertragung 
von Lichtstrahlen zwischen einer multimodalen 
Lichtquelle (LS) mit einer im wesentlichen kreisfor- 
migen Emission mit einem Streuungswinkel as, und 

25 einer multimodalen Lichtleitfaser (FF) mit einem 
Querschnitt Ac, durch ein Zwischenstuck aus mul- 
timodalen Lichtleitfaser (IF), von dem ein Ende mit 
dem Querschnittsbereich Af mit der genannten 
Lichtquelle (LS) gekoppelt ist und von dem ein Teil 

30 mit der genannten multimodalen Lichtleitfaser (FF) 
verschmolzen ist, 

dadurch gekennzeichnet, da3 die Eingabefa- 
ser (IF) uber einen progressiv kegelartig geformten 
Teil verfugt und mit der genannten multimodalen 

55 Lichtleitfaser (FF) im Bereich des progressiv kegel- 
artig geformten Tells verschmolzen ist, und da- 
durch, da3 das Verhaltnis zwischen dem Offnungs- 
winkel af der Eingabefaser (IF) und dem Emissions- 
winkel as der Lichtquelle (LS) wie folgt ausgedruckt 

40 wird: 

af = k X as, 

45 wobei k eine positive Konstante groBer als 1 ist. 

2. Kopplungsanordnung entsprechend Anspruch 1, 
dadurch gekennzeichnet, daB die genannte Kon- 
stante k groBer als (Af + Ac) / Ac)''^^ 

50 wobei: 

Af der Querschnittsbereich der Eingabefaser 
(IF) ist, die mit der genannten Lichtquelle (LS) 
gekoppelt ist, und 
55 - Ac der Querschnittsbereich der multimodalen 
Lichtleitfaser (FF) ist. 

3. Kopplungsanordnung entsprechen sowohl An- 
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spruch 1 als auch Anspruch 2, dadurch gekenn- 
zeichnet, da3 der Verschmelzbereich zwischen der 
genannten Eingabefaser (IF) und der genannten 
multimodalen Lichtleitfaser (FF) im wesentlichen 
mit derm gesamten kegelformigen Bereich der ge- 
nannten Eingabefaser (IF) ubereinstinnnnt. 

4. Kopplungsanordnung entsprechend jedem der vor- 
stehend aufgefuhrten Anspruche, dadurch gekenn- 
zeichnet, da3 die genannte Lichtquelle (LS) eine im 
wesentlichen elliptische Ennission hat und uber eine 
Vorrichtung verfugt zur Unnwandlung dieser ellipti- 
schen Ennission in eine im wesentlichen kreisformi- 
gen Emission mit dem genannten Streuungswinkel 
(as). 

5. Kopplungsanordnung entsprechend jedem der vor- 
stehend aufgefuhrten Anspruche, dadurch gekenn- 
zeichnet, dafB die genannte Lichtquelle (LS) eine 
multimodalen Halbleiterlasaerdiode (LD) ein- 
schlieBt mit einer im wesentlichen rechteckigen 
Strahlungsoffnung und eine zylindrische Linse (CL) 
die im Lichtstrahl (LB) der genannten Laserdiode 
(LD), zwischen der genannten Laserdiode (LD) und 
der Eingabefaser (IF) placiert ist. 

6. Kopplungsanordnung entsprechend jedem der vor- 
stehend aufgefuhrten Anspruche, dadurch gekenn- 
zeichnet, daB die genannte multimodalen Lichtleit- 
faser (FF) weiter einen zusatzlichen konzentri- 
schen Einmodenkern enthalt. 

7. Kopplungsanordnung entsprechen jedem der vor- 
stehend aufgefuhrten Anspruche, dadurch gekenn- 
zeichnet, daB die genannte multimodalen Lichtleit- 
faser (FF) weiter einen zusatzlichen konzentri- 
schen gedopten Einmodenkern enthalt. 

8. Kopplungsanordnung entsprechend Anspruch 7, 
dadurch gekennzeichnet, daB der genannte Einmo- 
denkern nachhaltig mit aus der Gruppe von raren 
Erden ausgewahlten lonen und Transitionsmetall- 
lonen oder einer Kombination hiervon gedopt wird. 

9. Kopplungsanordnung entsprechend Anspruch 7, 
dadurch gekennzeichnet, daB der genannte Einmo- 
denkern mit sowohl Ytterbium- als auch Erbium-lo- 
nen gedopt wird. 

10. Kopplungsanordnung entsprechend Anspruch 7. 
dadurch gekennzeichnet, daB der genannte Einmo- 
denkern mit Neodym-lonen gedopt wird. 

11. Kopplungsanordnung entsprechend Anspruch 7, 
dadurch gekennzeichnet, daB der genannte Einmo- 
denkern mit Ytterbium-lonen gedopt wird. 

12. Kopplungsanordnung entsprechend Anspruch 7, 



dadurch gekennzeichnet, daB der genannte Einmo- 
denkern mit Chromionen gedopt wird. 

13. Kopplungsanordnung entsprechen irgendeinem 
5 der vorstehenden Anspruche, dadurch gekenn- 
zeichnet, daB die genannte Lichtleitfaser (FF) eine 
aktive Faser eines optischen Verstarkers ist. 

14. Kopplungsanordnung entsprechend irgendeinem 
fo der vorstehend aufgefuhrten Anspruche, dadurch 

gekennzeichnet, daB die genannte Lichtleitfaser 
(FF) eine aktive Faser eines Faserlasers ist. 

15. Kopplungsanordnung entsprechend irgendeinem 
^5 der vorstehend aufgefuhrten Anspruche, dadurch 

gekennzeichnet, daB die genannte Eingabelichtleit- 
faser (IF) mit der genannten multimodalen Lichtleit- 
faser (FF) in der Konfiguration eines Kupplungs- 
stucks vom Typ X gekoppelt ist. 

20 

16. Kopplungsanordnung entsprechen irgendeinem 
der vorstehend aufgefuhrten Anspruche, dadurch 
gekennzeichnet, daB die genannte Eingabefaser 
(IF) mit der genannten Multimoden-Lichtleitfaser 

25 (FF) in der Konfiguration eines Kupplungsstucks 
vom Typ Y gekoppelt ist. 

17. Kopplungsanordnung entsprechend irgendeinem 
der vorstehend aufgefuhrten Anspruche, dadurch 

30 gekennzeichnet, daB sowohl die genannte Lichtleit- 
faser (FF) als auch das Lichtleitfaserzwischenstuck 
(IF) im verschmolzenen Bereich (CR) nicht von ei- 
ner Plattierungsschicht versehen sind. 

55 18. Kopplungsanordnung entsprechend irgendeinem 
der vorstehend aufgefuhrten Anspruche, dadurch 
gekennzeichnet, daB mindestens eine der genann- 
ten Lichtleitfasern (FF) oder (IF) im verschmolze- 
nen Bereich (CR) mit einer Plattierungsschicht ver- 

40 sehen ist. 

19. Kopplungsanordnung entsprechend Anspruch 1, 
dadurch gekennzeichnet, daB mindestens eine der 
genannten Lichtleitfasern (FF) oder (IF) einen 

45 Querschnitt hat, der im wesentlichen kreisformig ist. 

20. Kopplungsanordnung entsprechend Anspruch 1, 
dadurch gekennzeichnet, daB mindestens eine der 
Lichtleitfasern (FF) oder (IF) einen Querschnitt hat, 

50 der im wesentlichen elliptisch ist. 

21. Kopplungsanordnung entsprechend Anspruch 1, 
dadurch gekennzeichnet, daB mindestens eine der 
genannten Lichtleitfasern (FF) oder (IF) einen 

55 Querschnitt hat, der im wesentlichen rechteckig ist. 

22. Kopplungsanordnung entsprechend irgendeinem 
der vorstehenden Anspruche, dadurch gekenn- 
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zeichnet, daB das Verhaltnis zwischen dem mini- 
malen Querschnittsbereich der kegelformigen Ein- 
gabelichtleitfaser und dem Anfangsquerschnittsbe- 
reich hiervon zwischen 0,01 und 0,7 betragt. 

23. Kopplungsanordnung entsprechend Anspruch 22, 
dadurch gekennzeichnet, da3 das Verhaltnis zwi- 
schen dem minimalen Querschnittsbereich der ke- 
gelformigen Eingabelichtleitfaser IF und dem An- 
fangsquerschnittsbereich hiervon ungefahrO,1 be- 
tragt. 

24. Kopplungsanordnung entsprechend irgendeinem 
der vorstehenden Anspruche, dadurch gekenn- 
zeichnet, daB das Verhaltnis zwischen dem Quer- 
schnittsbereich der Eingabelichtleitfaser IF und 
dem Querschnittsbereich der gespeisten Lichtleit- 
faser FF im Kopplungsbereich CR von 0,01 bis 0,99 
betragt. 

25. Kopplungsanordnung entsprechend Anspruch 24, 
dadurch gekennzeichnet, daB das Verhaltnis zwi- 
schen dem minimalen Querschnittsbereich der ke- 
gelformigen Eingabelichtleitfaser IF und dem Quer- 
schnittsbereich der gespeisten Lichtleitfaser FF im 
Kopplungsbereich CR ungefahr 0,1 betragt. 

26. Kopplungsanordnung entsprechend irgendeinem 
der vorstehenden Anspruche, dadurch gekenn- 
zeichnet, daB der progressiv kegelartig geformte 
Teil der genannten, mit der genannte multimodalen 
Lichtleitfaser FF verschmolzenen multimodalen 
Eingabelichtleitfaser IF spiralformig um letztere ge- 
wunden ist. 



Revendications 

1. Agencement d'accouplement pour le transfert non 
axial de radiation entre une source de lumiere (LS) 
ayant une emission substantiellement circulaire 
avec un angle de divergence as, et une fibre opti- 
que multimode (FF) avec un plan de coupe trans- 
versale Ac, a travers une longueur intermediaire de 
fibre optique multimode d'alimentation (IF) ayant 
une extremite avec un plan de coupe transversale 
Af accouplee avec la dite source de lumiere (LS) et 
une portion fusee avec la dite fibre optique multi- 
mode (FF), 

caracterise en ce que la dite fibre d'introduc- 
tion (IF) a une portion progressivement fuselees et 
qu'elle est fusee avec la dite fibre optique multimo- 
de (FF) dans une region de la part progressivement 
fuselees, et en ce que la relation entre Tangle d'ac- 
ceptation af de la fibre d'alimentation (IF) et Tangle 
d'emission as de la source de lumiere (LS) est ex- 
primee par: 



af = k X as 

ou k est la constante positive est plus grande que 1 . 

5 

2. Agencement d'accouplement selon la revendica- 
tion 1 , caracterise en ce que la dite constante k est 
plus grande que 

1/2 

((Af + Ac)/ Ac) 

ou 

15 - Af est le plan de coupe transversale de la fibre 
d'alimentation (IF) accouplee avec la dite sour- 
ce de lumiere (LS), et 

Ac est le plan de la coupe transversale de la 
fibre optique multimode (FF). 

20 

3. Agencement d'accouplement selon les revendica- 
tions oit 1 soit 2, caracterise en ce que la region de 
fusion entre la dite fibre d'alimentation (IF) et la dite 
fibre optique multimode (FF) coincide substantiel- 

25 lement avec toute la region fuselee de la dite fibre 
d'alimentation (IF). 

4. Agencement d'accouplement selon n'importe la- 
quelle des revendications precedentes, caracterise 

30 en ce que la dite source de lumiere (LS) a une emis- 
sion substantiellement elliptique et elle comprend 
un dispositif pour convertir telle emission elliptique 
en une emission substantiellement circulaire avec 
le dtt angle de divergence (as). 

35 

5. Agencement d'accouplement selon n'importe la- 
quelle des revendications precedentes, caracterise 
en ce que la dite source de lumiere (LS) comprend 
une diode laser multimode a semi-conducteur (LD) 

40 ayant une ouverture de radiation substantiellement 
rectangulaire, et une lentille cylindrique (CL) placee 
dans le rayon de lumiere (LB) de la dite diode laser 
(LD) et la fibre d'alimentation (IF). 

45 6. Agencement d'accouplement selon n'importe la- 
quelle des revendications precedentes, caracterise 
en ce que la dite fibre optique multimode (FF) con- 
tient en plus un noyau monomode concentrique ad- 
ditionnel. 

50 

7. Agencement d'accouplement selon n'importe la- 
quelle des revendications precedentes, caracterise 
en ce que la dite fibre optique multimode (FF) com- 
prend en plus un noyau monomode additionnel con- 

55 centrique dope. 

8. Agencement d'accouplement selon la revendica- 
tion 7, caracterise en ce que le dtt noyau monomo- 
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de est lourdement dope avec des ions selectionnes 
du groupe de terres rares et des ions de nnetal de 
transition, ou une combinaisons de ceux-ci. 

9. Agencement d'accouplennent selon la revendica- 
tion 7, caracterise en ce que le dTt noyau monomo- 
de est dope d'ions d'Ytterbium et d'Erbium. 

10. Agencement d'accouplennent selon la revendica- 
tion 7, caracterise en ce que le dit noyau monomo- 
de est dope par des ions de neodynne. 

11. Agencement d'accouplement selon la revendica- 
tion 7, caracterise en ce que le dTt noyau monomo- 
de est dope par des ions d'Ytterbium. 

12. Agencement d'accouplement selon la revendica- 
tion 7, caracterise en ce que le noyau monomode 
est dope par des ions de chrome. 

13. Agencement d'accouplement selon n'importe la- 
quelle des revendications precedentes, caracterise 
en ce que la dite fibre optique (FF) est la fibre active 
d'un amplificateur optique. 

14. Agencement d'accouplement selon n'importe la- 
quelle des revendications precedentes, caracterise 
en ce que la dite fibre optique (FF) est la fibre active 
d'un laser a fibre. 

15. Agencement d'accouplement selon n'importe la- 
quelle des revendications precedentes, caracterise 
en ce que la dite fibre d'alimentation (IF) est accou- 
plee a la dite fibre optique multimode (FF) comme 
une configuration du type connecteur a X. 

16. Agencement d'accouplement selon n'importe la- 
quelle des revendications precedentes, caracterise 
en ce que la dite fibre d'alimentation (IF) est accou- 
plee a la dite fibre optique multimode (FF) comme 
une configuration du type connecteur a Y. 

17. Agencement d'accouplement selon n'importe la- 
quelle des revendications precedentes, caracterise 
en ce que les dites deux fibres optiques (FF) et (IF) 
n'ont pas couche de placage dans la zone fusee 
(CR). 

18. Agencement d'accouplement selon n'importe la- 
quelle des revendications precedente, caracterise 
en ce qu'au moins une des dites fibres optiques (FF) 
ou (IF) est prevue d'une couche de placage dans la 
zone fusee (CR). 

19. Agencement d'accouplement selon la revendica- 
tion 1 , caracterise en ce qu'au moins une des dites 
fibres optiques (FF) ou (IF) a une coupe transver- 
sale, qui est substantiellement circulaire. 



20. Agencement d'accouplement selon la revendica- 
tion 1 , caracterise en ce qu'au moins une des dites 
fibres optiques (FF) ou (IF) a une coupe transver- 
sale, qui est substantiellement elliptique. 

5 

21. Agencement d'accouplement selon la revendica- 
tion 1 , caracterise en ce qu'au moins une des dites 
fibres optiques (FF) ou (IF) a une coupe transver- 
sale, qui est substantiellement rectangulaire. 

10 

22. Agencement d'accouplement selon n'importe la- 
quelle des revendications precedentes, caracterise 
en ce que la relation entre le plan minimal de coupe 
transversale de la fibre d'alimentation fuselee IF et 

^5 le plan de coupe transversale initiale de celle-ci est 
deO,01 a 0,7. 

23. Agencement d'accouplement selon la revendica- 
tion 22, caracterise en ce que la relation entre le 

20 plan minimal de coupe transversale de la fibre d'ali- 
mentation fuselee IF et le plan de la coupe trans- 
versale initiale de celle-ci est d'environ 0,1 . 

24. Agencement d'accouplement selon n'importe la- 
25 quelle des revendications precedentes, caracterise 

en ce que la relation entre le plan de coupe trans- 
versale de la fibre d'alimentation IF et le plan de 
coupe transversale de la fibre alimentee FF dans la 
region d'accouplement CRE est de 0,01 a 0,99. 

30 

25. Agencement d'accouplement selon la revendica- 
tion 24, caracterise en ce que la relation entre le 
plan minimal de coupe transversale de la fibre d'ali- 
mentation fuselee IF et le plan de coupe transver- 

55 sale de la fibre alimentee FF est dans la region d'ac- 
couplement CR environ 0,1 . 

26. Agencement d'accouplement selon n'importe la- 
quelle des revendications precedentes, caracterise 

40 en ce que la portion progressivement fuselee de la 
dite fibre optique d'alimentation I F fusee avec la dite 
fibre optique multimode FF est enroulee de maniere 
helicoTdale autour de cette derniere. 
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